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Subsequent studies documented the hazardous role of smoke from biomass and coal in the development of childhood pneumonia and other adverse clinical outcomes. Using this early evidence, the Comparative Risk Assessment Study 2 attributed 1·6 million annual deaths to biomass and coal use in the early 2000s (attributable deaths [with inclusion of other outcomes] have since been estimated at about 3·5 million). 3 In the late 1990s and early 2000s, two directions were advocated for epidemiological research on so-called household air pollution to help develop appropriate public health and policy responses: observational research with measurement of personal exposure to better characterise the exposure-response relationship, which would then be used to determine pollution reductions needed to achieve health benefi ts; 4,5 and randomised trials free of confounding to measure the pure intervention eff ects. 6 Over the past two decades, neither type of research has been as informative as hoped. Exposure-response studies have been limited by the diffi culties in measuring personal exposure to pollutants. Trials have so far not implemented interventions that substantially reduce exposure while functionally replacing the traditional biomass and coal stoves, and are scalable in a community setting.
In The Lancet, Kevin Mortimer and colleagues 7 report the Cooking and Pneumonia Study (CAPS) cluster randomised controlled trial done in two rural districts of Malawi. CAPS tested an alternative biomass stove, comparing it with existing cooking methods (typically open fi res). Each household in the intervention group received two stoves (both Philips HD4012LS), a solar panel, and user training, while the control group continued to use their existing cooking method. New stoves were repaired and replaced as needed, with 13 192 repairs or replacements for stoves (3·1 per intervention household) and 5259 (1·2 per intervention household) for solar panels. By the second year of the follow-up, the subset of stoves that were objectively monitored were used for only 0·34 cooking events per day. The primary outcome was WHO Integrated Management of Childhood Illness (IMCI)-defi ned pneumonia episodes diagnosed through routine visits to local health facilities. The stove intervention had no eff ect on the primary outcome (the facility-diagnosed IMCI pneumonia incidence rate in the intervention group was 15·76 [95% CI 14·89-16·63] per 100 child-years and in the control group 15·58 [14·72-16·45] per 100 child-years; intervention vs control group incidence rate ratio [IRR] of 1·01 [0·91-1·13]; p=0·80). There was a borderline signifi cant increase in the risk of severe pneumonia in the intervention group (intervention vs control group IRR for severe pneumonia episodes was 1·30 [95% CI 0·99-1·71]; p=0·06).
The strength of CAPS is its large sample size with 10 750 children from 8626 households across 150 clusters enrolled, and 10 543 children from 8470 households contributing 15 991 child-years of follow-up data to the intention-to-treat analysis. CAPS also has disadvantages, such as a reliance on health facilities for identifying pneumonia cases instead of active case fi nding used in previous studies, 5, 6 and not reporting information about impacts on home concentrations and personal exposure to pollutants, and on pathogen-specifi c pneumonia, both of which were presented in the earlier RESPIRE trial. 6, 8 This information is needed to understand the reasons for null eff ect and to inform intervention choices (ie, no or insuffi cient reduction in pollution or personal exposure vs absence of an aetiological relationship between exposure and pneumonia).
Largely overlooked in the CAPS trial, as well as in many epidemiological studies on household energy, are other insights and contexts highlighted by scholarly work in energy policy and social sciences: the macroeconomic (fuel prices and their variability) and infrastructure (reliability of supply of any specifi c form of energy) factors that, together with personal preferences, infl uence the choice of household energy sources and energy use behaviours. 4, 9 These works, including evaluations of largescale stove programmes, have overwhelmingly found that laboratory tests of stoves-the basis for selecting the specifi c intervention used in the CAPS trial-have little relation to their actual performance in community settings, with the community eff ectiveness often substantially worse than the laboratory results and, at times, than the traditional stoves. [9] [10] [11] [12] Taken in the context of this body of work, the lack of impact, lack of regular use, and frequent malfunctioning of the stove used in CAPS could have been anticipated, and probably would have been revealed in fi eld testing of the intervention stove at much lower cost than the trial.
What should the scientifi c and policy communities do to avoid ad-hoc trials and intervention delivery programmes related to household energy that provide little benefi t to the intended benefi ciaries and limited policy guidance? First, at the most basic level, practitioners, researchers, funders, and ethics committees need to develop rigorous processes and criteria for testing household energy interventions in the community setting before clinical outcome studies are done-in the same way that a clinical trial of a vaccine, medication, or food product is unlikely to proceed without layers of effi cacy and safety testing beyond laboratory tests, simply because these items are promoted by non-governmental organisations.
Second, it is increasingly clear that that the abovementioned macroeconomic, infrastructure, and behavioural factors lead to dynamic use of multiple sources of energy by the same household for diff erent purposes (eg, cooking diff erent foods, boiling water, heating, lighting; fi gure). 13 Therefore, the basic idea of intervention should become more nuanced, and take into account the community's energy environment, the purposes of energy use, and energy use behaviours.
Finally, an increasing share of biomass and coal users live in or near urban centres, and are aff ected by air pollution from community and regional sources-including other people's fuel use, burning of solid waste, traffi c, and industrial emissions-as much as or more than their own fuel use. 14, 15 Regional sources are even an important determinant of air pollution exposure in rural residents. 16 Therefore, interventions that target only household level sources are likely to have limited impact, in the same way that point-of-use water treatment has limited impact on faecal-oral transmission where water is scarce and there is inadequate household and community sanitation. 17 All of these factors suggest that the time has come for research and practice to move on from a focus on only stove interventions, and possibly from household-level interventions, and envision more complex, contextualised, and realistic interventions, be it randomised, quasi-randomised, or observational studies, that can inform policy and practice by taking into account the broader macroeconomic, infrastructure, environmental, and behavioural factors, as we see in other areas of public health including air pollution regulation, tobacco control, sanitation, and nutrition.
